Background: Adiponutrin/PNPLA3 and adipose triglyceride lipase (ATGL) are proteins highly expressed in adipose tissue which have apparently different roles (lipogenic/lipolytic). Gene expression of both proteins and their nutritional regulation have been described to be altered in genetically obese animals. Methods: We studied adiponutrin and ATGL expression in 6-month-old rats made obese by cafeteria diet feeding, submitted to different feeding conditions (feeding/fasting/re-feeding), compared with normoweight animals. Adiponutrin and ATGL mRNA levels were determined in white adipose tissue depots (subcutaneous and visceral) and in interscapular brown adipose tissue, and ATGL protein levels in selected depots. In addition, basal adiponutrin and ATGL expression levels were compared between 6-and 3-month-old animals. Results: Obesity decreased adiponutrin and ATGL expression in different adipose depots. For adiponutrin, a tendency to lower mRNA levels was observed in the white adipose depots studied in obese animals, although the decrease was only significant in the subcutaneous depot. For ATGL, a generalized and significant lower expression was found in white and brown adipose tissue of cafeteria-obese rats. When considering nutritional regulation, according to a lipogenic role, adiponutrin mRNA expression decreased with fasting and was recovered by re-feeding in normoweight animals; this regulation was lost in obese rats. Expression of the lipolytic ATGL (mRNA and protein levels) was increased by fasting in normoweight animals in the mesenteric adipose depot, while no change was evident in obese rats. Moreover, adiponutrin and ATGL nutritional regulation was affected by age, and we report a downregulation of adiponutrin mRNA basal levels with age in internal adipose depots. Conclusions: Cafeteria diet-induced obesity and age alter adiponutrin and ATGL expression and their regulation by feeding conditions. These results reinforce the importance of a proper expression and regulation of both proteins for body weight maintenance and their role in energy metabolism.
Introduction
Adiponutrin and adipose triglyceride lipase (ATGL) are two members of the same family, the phospholipase A2 family, which are highly expressed in adipose tissue and have a role in energy mobilization and storage in adipocytes. 1 Both proteins have triacylglycerol lipase and acylglycerol acyltransferase activities in vitro and, therefore, could participate in lipolysis and lipogenesis. 1 They are under tight nutritional regulation having an opposite pattern in response to feeding conditions and, apparently, and opposite role in energy metabolism. [2] [3] [4] [5] [6] [7] Adiponutrin, also known as PNPLA3, is a non-secreted transmembrane protein. Its expression sharply decreases in adipose tissue after fasting and is strongly upregulated by feeding [2] [3] [4] [5] through the mediation of insulin and glucose release. 2, [8] [9] [10] In vitro suppression or overexpression of adiponutrin in adipocytes, as well as its global targeted deletion in mice, does not affect triacylglycerol content or energy homeostasis. 8, 11, 12 Thus, although it can have lipolytic/ lipogenic capacity, the function of this protein remains unclear. However, adiponutrin nutritional regulation supports a role in the maintenance of energy homeostasis through lipogenic processes rather than a lipase activity, promoting adipocyte energy storage in situations of energy excess. Apart from its not completely understood role in adipose tissue, data relating an adiponutrin polymorphism with increased risk of hepatic steatosis in humans indicate an important role of this protein in lipid metabolism regulation in liver. [13] [14] [15] It has been recently demonstrated in cultured hepatocytes that wild-type adiponutrin hydrolyzes triacylglycerides, while a mutation disrupts this function, leading to fat accumulation. 16 These information suggest that adiponutrin role in liver could be different to that postulated in adipose tissue. Anyway, recent data obtained with mice lacking the adiponutrin gene do not evidence the presence of hepatic steatosis or injury in these animals. 12 The physiological role of ATGL, also known as PNPLA2 and desnutrin, is mostly clear. The protein hydrolyzes longchain fatty acid triacylglycerols to diacylglycerols in a fasting situation, providing the substrate for hormone-sensitive lipase in the lipolytic cascade. 6, 7 The importance of ATGL in the lipolytic process has been demonstrated in several in vitro experiments. [6] [7] [8] 11 Moreover, Haemmerle et al. 17 confirmed its important role in vivo, showing that ATGLknockout mice presented increased fat storage in the form of triacylglycerols in different tissues. ATGL has an important nutritional regulation but contrary to that of adiponutrin; in accordance with its lipolytic role, ATGL mRNA expression in adipose tissue is induced after fasting. 7, 18, 19 ATGL regulation by feeding conditions seems to be mediated by glucocorticoids (upregulating) 7 and insulin (downregulating ATGL expression). 8, 20 Obesity affects the expression and regulation of molecules involved in energy homeostasis and body weight maintenance. [21] [22] [23] Adiponutrin and ATGL mRNA expression has been described to be altered in adipose tissue of animal models of genetic obesity, 2, 7, 10 and it has been demonstrated that two human adiponutrin polymorphisms are associated with obesity. 9, 24 In addition, our group has reported that adiponutrin nutritional regulation is impaired in obese Zucker rats 10 and that fasting upregulation of ATGL in white adipose tissue is impaired in old rats, which could be related to the weight gain that occurs with aging. 19 However, the studies relating adiponutrin and ATGL expression with obesity have been carried out mainly using genetic models of obesity. For this reason, we were interested in assessing adiponutrin and ATGL expression and nutritional regulation in adipose tissue using a rat diet-induced obesity model. To induce obesity, we selected cafeteria diet feeding; the cafeteria diet is a mixed, varied, palatable, hyperlipidic diet, extensively experienced and very useful as it mimics human obesity studies [25] [26] [27] [28] [29] [30] [31] because it induces voluntary hyperphagia, eliciting an increase of body weight and adipose mass in rats even after a short period of time. 32 Adipose tissue is distributed in different anatomical sites with different biological functions and metabolic activities, 33 ,34 and we have described important regional differences regarding adiponutrin and ATGL expression. 10, 19 Thus, given the importance of body fat distribution, we performed our study in different adipose tissue depots. Moreover, since age is related to an impairment in the ability to regulate body weight, 19 we also studied the effect of age on the expression of both proteins. These experiments aim to contribute to knowledge of the in vivo role of adiponutrin and ATGL in body weight maintenance. 30 At the age of 6 months, rats from the control and cafeteria groups were submitted to three different feeding conditions (n ¼ 5 animals per group): ad libitum feeding, nocturnal 14 h fasting and 6 h re-feeding after a fasting of 14 h. The studied animals were 6 months old, so, in order to take into consideration the putative effect of age on the expression of the genes of interest, an extra group of 3-month-old male Wistar rats (n ¼ 5) fed with standard chow was used.
Materials and methods
Animals were killed by decapitation and troncular blood was collected from the neck, stored at room temperature for 1 h and centrifuged at 1000 g for 10 min to collect serum. Different white adipose tissue depots (epididymal (EWAT), inguinal (IWAT), mesenteric (MWAT) and retroperitoneal (RWAT)) as well as the interscapular brown adipose tissue (IBAT) were rapidly removed, weighed and frozen in liquid nitrogen and stored at À70 1C until RNA analysis.
All experimental procedures followed in this study were reviewed and approved by the Bioethical Committee of our university and guidelines for the use and care of laboratory animals of the university were followed.
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Adiposity index
Adiposity was determined by an adiposity index computed for each rat as the sum of EWAT, IWAT, MWAT and RWAT weights and expressed as a percentage of total body weight.
HOMA-IR analysis
Insulin resistance was assessed by the homeostatic model assessment for insulin resistance (HOMA-IR) in rats submitted to overnight (14 h) fasting. HOMA-IR score was calculated using the formula of Matthews et al. 35 HOMA-IR ¼ fasting
Quantification of circulating insulin, leptin and glucose levels Serum insulin and leptin levels were measured using ELISA kits (from DRG Instruments, Marburg, Germany and R&D Systems, Minneapolis, MN, USA, respectively) and blood glucose using an Accu-Chek Glucometer (Roche Diagnostics, Barcelona, Spain).
Real-time quantitative RT-polymerase chain reaction (Q-PCR) analysis
Adiponutrin and ATGL expression was analyzed by Q-PCR in the different adipose tissue depots studied. Adiponutrin mRNA levels were determined in fed, fasted and re-fed animals, as both stimuli (fasting/re-feeding) produce important acute changes in adiponutrin expression. 2,8-10 ATGL levels were only determined in fed and fasted animals because fasting is the most important stimulus affecting the expression of the ATGL gene, 7,18,19 while 3 or 12 h refeeding after fasting does not produce any change in the ATGL mRNA levels attained during fasting. 36, 37 Total RNA was extracted using Tripure reagent (Roche, Barcelona, Spain) according to the instructions provided by the supplier. Isolated RNA was quantified using the NanoDrop ND-1000 spectrophotometer (NadroDrop Technologies, Wilmington, DE, USA) and its integrity confirmed using agarose gel electrophoresis. Q-PCR was performed as previously described. 38 In brief, 0.25 mg of total RNA was denatured and then reverse transcribed to cDNA using MuLV reverse transcriptase (Applied Biosystems, Madrid, Spain) in an Applied Biosystems 2720 Thermal Cycler (Applied Biosystems). Each PCR was performed from diluted (1/40) cDNA template, forward and reverse primers (in a final concentration of 0.4 mM each), and Power SYBER Green PCR Master Mix (Applied Biosystems) in a total volume of 11 ml, with the following profile: 10 min at 95 1C, followed by a total of 40 temperature cycles (15 s at 95 1C and 1 min at 60 1C). In order to verify the purity of the products, a melting curve was produced after each run according to the manufacturer's instructions. The threshold cycle (Ct) was calculated by the instrument's software (StepOne Software v2.0, from Applied Biosystems) and the relative expression of each mRNA was calculated as a percentage of control rats, using the 2 ÀDDCt method. 39 Primers for the adiponutrin gene were as follows: f5 0 -GA GAACGTGCTGGTGTCTGA-3 0 and r5 0 -CGGAAGGAAGGA GGGATTAG-3 0 ; for the ATGL gene, f5 0 -TGTGGCCTCAT TCCTCCTAC-3 0 and r5 0 -AGCCCTGTTTGCACATCTCT-3 0 ; and for the b-actin gene (used as housekeeping gene), f5
0 -TACAGCTTCACCACCACAGC-3 0 and r5 0 -TCTCCAGGGA GGAAGAGGAT-3 0 . The expected size of the products was 107 bp for the adiponutrin gene, 271 bp for the ATGL gene and 120 bp for the b-actin. The housekeeping gene expression did not change depending on the different adipose tissue depots, feeding conditions, lean/obese state or the age of the animals.
Western blot analysis ATGL was determined by western blot in selected depots as previously described. 19 To analyze the effect of obesity, ATGL levels were analyzed in the MWAT and IWAT of control and cafeteria-obese rats. Effect of fasting was determined in the MWAT of control and obese animals and in the EWAT of control animals. Regarding adiponutrin, although there are antibodies commercially available, we have not obtained a good specificity and, thus, in spite of it interest, we discarded to study adiponutrin protein levels in this work.
Statistical analysis
All data are expressed as the mean ± s.e.m. Differences between groups were analyzed using three-, two-or oneway analysis of variance (ANOVA) or Student's t-test. The test used for each comparison is specified in the footnotes of the tables and figures. Linear relationships between key variables were tested using Pearson's correlation coefficients. The analyses were performed with SPSS for windows (SPSS, Chicago, IL, USA). Threshold of significance was defined at Po0.05, and is indicated when different.
Results
Body weight and serum parameters of the animals Six-month-old cafeteria-obese rats presented 37% increased body weight, 120% higher adiposity index and were hyperleptinemic in comparison with their controls (Table 1 ). In the fed state, although circulating insulin levels were not affected, cafeteria diet-induced obesity resulted in increased blood glucose levels. Moreover, the cafeteria-obese animals had lower insulin sensitivity as indicated by a higher HOMA-IR, although the difference did not reach statistical significance owing to inter-individual variability in the cafeteria group. Feeding conditions affected circulating insulin levels in the studied animals, but the differences were only statistically significant in lean rats: insulin decreased as result of 14 h fasting (1.00 ± 0.23 in fasted vs 3.23 ± 0.46 mg l À1 in control rats) and was recovered
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À1
). Glucose levels were not affected (data not shown).
When compared with 3-month-old animals, the 6-monthold rats had a higher adiposity index and greater circulating leptin levels, evidencing a higher amount of fat; insulin levels and the HOMA-IR were also statistically higher, indicating reduced insulin sensitivity in the oldest animals ( Table 1) .
Effect of cafeteria-induced obesity on adiponutrin and ATGL expression In control animals, the highest adiponutrin mRNA expression was found in the IBAT, while the expression in the white adipose tissue depots was lower and similar between them (Figure 1) . In cafeteria-obese rats, a tendency to lower adiponutrin expression in comparison with control animals was observed in the white adipose tissue depots studied. This decrease was only significant in the IWAT (85% decrease), although the decrease in adiponutrin expression found in the EWAT of the cafeteria-fed rats (58%, P ¼ 0.068, Student's t-test) was also noteworthy. In the two internal white adipose depots (MWAT and RWAT), a non-significant decrease of B35% was observed. No change as a result of the intake of the cafeteria diet was evident in the IBAT.
ATGL mRNA expression also varied depending on the adipose depot. As happened for adiponutrin, in control animals the highest expression levels were found in the IBAT, followed by the RWAT, EWAT, MWAT and IWAT (Figure 2) . Also as happened for adiponutrin, in animals fed a cafeteria diet a decrease in ATGL mRNA expression was observed in the different white adipose depots (B53% decrease), with the exception of the MWAT, in which the decrease (36%) was non-significant. This pattern was also confirmed for protein expression, as ATGL protein levels decreased in the IWAT but not in the MWAT (Figure 3 ), studied as selected depots. ATGL mRNA expression was also affected in IBAT, in which a 65% decrease was observed in the obese animals.
Regulation of adiponutrin and ATGL expression by feeding conditions in different adipose tissue depots As previously described in younger animals, 10 in control Wistar rats, adiponutrin mRNA expression levels decreased retroperitoneal) and in interscapular brown adipose tissue (IBAT) in different feeding conditions in 6-month-old control and cafeteria-obese rats, measured by Q-PCR. Fed animals had ad libitum access to food, fasted animals were deprived of food for 14 h, and re-fed animals were given free access to food for 6 h after 14 h fasting. Results represent mean±s.e.m. (n ¼ 5) of ratios of specific mRNA levels to b-actin (used as housekeeping gene). Data of the IBAT of the fed control rats were set to 100% and the rest of the values are referred to this. *Effect of fasting or re-feeding (one-way ANOVA, Po0.05) and # effect of obesity (obese vs control rats) (Po0.05, Student's t-test). T Â F: interactive effect of adipose tissue depot and feeding conditions; T Â F Â O: interactive effect of adipose tissue depot, feeding conditions and body weight (three-way ANOVA, Po0.05). Within control and obese animals, bars not sharing a common letter (a, b, c, d) are significantly different (one-way ANOVA, Po0.05). Abbreviations: ELISA, enzyme-linked immunosorbent assay; HOMA-IR, homeostatic model assessment for insulin resistance. The adiposity index was computed as the sum of epididymal, inguinal, mesenteric and retroperitoneal white adipose tissue depots weights and expressed as a percentage of total body weight. HOMA-IR was computed using the formula of Matthews et al. 35 Insulin and leptin levels were measured by ELISA, and glucose using a glucometer. Results represent mean±s.e.m. (n ¼ 5). a Effect of age (6-monthold control vs 3-month-old control animals) (Student's t-test, Po0.05). b Effect of obesity (6-month-old cafeteria-obese vs control rats) (Student's t-test, Po0.05). Adiponutrin and ATGL in diet-induced obesity P Oliver et al with 14 h fasting and were recovered with 6 h re-feeding ( Figure 1 ). The decrease with fasting was observed in all the depots, both white and brown (although in the EWAT the decrease did not reach statistical significance). This downregulation was of B57%, with the greatest decrease with fasting (70%) observed in the MWAT. Adiponutrin mRNA expression was recovered with acute 6 h re-feeding in all the depots except in the IWAT, which could suggest that this tissue is especially sensitive to downregulatory signals or less sensitive to stimulatory signals affecting adiponutrin expression. In cafeteria-fed obese animals, nutritional regulation by fasting/re-feeding was lost. The apparent decrease in adiponutrin mRNA levels in cafeteria-obese animals observed in Figure 1 for the EWAT, MWAT and RWAT was statistically non-significant (P ¼ 0.163, P ¼ 0.356 and P ¼ 0.155, for each depot, respectively). In accordance with its lipolytic role, ATGL mRNA expression increased in response to fasting, but this increase was only evident in the MWAT of normoweight animals, while no change was observed in cafeteria-obese animals for any depot (Figure 2 ). ATGL protein expression in the MWAT followed the same profile as mRNA; ATGL levels increased in normoweight fasted, but not in obese fasted animals (Figure 3b) . The generalized lack of response to fasting in the different adipose depots (except in the mesenteric) in our 6-month-old control animals works in favor of an impairment in ATGL nutritional regulation with age as previously described by our group. 19 It is worth noting a significant decrease in ATGL mRNA levels in the EWAT of fasted animals that correlates with a decrease in protein levels (100 ± 23.9% in control vs 32.3 ± 5.37% in fasted animals). This decrease is surprising because it does not fit with ATGL known lipolytic role and could be evidencing a lower upregulatory effect of glucocorticoids in this depot maybe associated with the age of the animals. ATGL mRNA levels were not determined in the re-fed animals as ATGL expression is not affected by acute re-feeding conditions.
36,37
Effect of age on adiponutrin and ATGL expression The animals used were 6 months old; as age is known to affect expression of molecules involved in energy homeostasis and body weight maintenance, 40, 41 we compared the basal expression of adiponutrin and ATGL in 6-month-old control fed animals with 3-month-old ones. The results show a sharp decrease (B76%) with age in adiponutrin expression in the two internal white adipose tissue depots studied, mesenteric and retroperitoneal; ATGL mRNA expression was not affected by age in any depot (Figure 4 ).
Correlations of adiponutrin and ATGL expression with adiposity and serum insulin and leptin
In 6-month-old animals (lean and obese) and when considering fed and fasted conditions, ATGL mRNA expression correlated negatively with adiposity index (r ¼ À0.341, Po0.01), body weight (r ¼ À0.313, Po0.01) and leptin levels (r ¼ À0.314, Po0.01); adiponutrin mRNA levels correlated positively with serum leptin (r ¼ 0.323, Po0.05) and insulin (r ¼ 0.307, Po0.05) but only when considering lean animals. The expected positive correlations between adiposity index, body weight, insulin and leptin levels were also found (data not shown).
Discussion
Adiponutrin and ATGL are two members of the same family with a role in lipid metabolism, whose gene expression has been shown to be affected by an excess of body weight in studies carried out using animal genetic models of obesity.
Here we have assessed, in rats, how obesity reached by the intake of a hyperlipidic (cafeteria) diet is related to the regulation of the expression of these proteins. In this way, we 
Control rats
Cafeteria-obese rats Adiponutrin and ATGL in diet-induced obesity P Oliver et al aimed to investigate the role of adiponutrin and ATGL in energy balance and how they are affected in a situation of diet-induced obesity, a type of obesity closer to that of human than the genetic models. To obtain the desired amount of body weight increase, animals were fed with cafeteria diet for 4 months from the age of 2 months, so that the experiment was performed with 6-month-old animals. The effect of age on mRNA expression of adiponutrin and ATGL was also studied.
Our results indicate a relation of diet-induced obesity with the regulatory mechanisms affecting adiponutrin and ATGL expression as, in general terms, a decrease is observed for the expression of both genes in different adipose tissues of cafeteria-fed animals. This is the same profile described in genetic animal models of obesity for ATGL 7 but different to that described for adiponutrin. 2,10 ATGL mRNA expression is lower in obese cafeteria-fed rats compared with control animals, both in brown adipose tissue and in the different white depots studied. ATGL protein levels, studied in the IWAT, confirm the results obtained at the messenger levels, as they are also lower as a result of the intake of a cafeteria diet. A decrease in ATGL expression has also been described in the gonadal adipose tissue of ob/ob and db/db mice, 7 indicating a similar effect of both types of obesity, genetic or diet induced. Adiponutrin mRNA expression is lower in the subcutaneous adipose depot (IWAT) and a tendency to lower mRNA levels in cafeteria-fed obese animals is also observed in the other white adipose depots studied (mainly in the EWAT), while no difference in adiponutrin expression levels related to obesity is observed in the brown adipose tissue. However, an increase in adiponutrin mRNA expression has been previously described in obese Zucker rats (in IBAT and IWAT). 2, 10 To explain this different behavior, apart from possible differences due to the type of obesity (dietetic or genetic), it is also important to take into consideration the age of the animals. The studies with genetic models of obesity were performed with younger animals and, thus, age could be affecting the response to different mechanisms regulating adiponutrin mRNA expression. Adiponutrin and ATGL are two proteins with a strong nutritional regulation. [2] [3] [4] [5] [6] [7] We have previously reported that this nutritional regulation is impaired for adiponutrin in obese Zucker rats 10 and for ATGL in old rats. 19 Here, we demonstrate that nutritional regulation of both proteins is also impaired in a diet-induced obesity model. As described in younger animals, 10 and in accordance with its postulated lipogenic role, in 6-month-old normoweight rats, adiponutrin mRNA levels decrease with fasting and their levels are recovered with acute re-feeding. This pattern is followed for all the adipose depots studied, both brown and white, and is especially marked in the mesenteric depot, a tissue particularly sensitive to acute changes in feeding conditions. 42, 43 However, this nutritional response completely disappears in the cafeteria-obese animals, in which no change in adiponutrin expression due to fasting/re-feeding is observed. Previous data published by our group using 6-month-old Wistar rats with an 11% of overweight due to the intake of a hyperlipidic diet indicate that, although adiponutrin nutritional response is impaired compared with control rats, a response to acute fasting/re-feeding conditions exists. 10 But in cafeteria-fed Wistar rats studied here (37% overweight) nutritional regulation of adiponutrin expression is completely lost. We could argue that the degree of impairment in adiponutrin response to feeding conditions could be related to the type of diet causing obesity/overweight (cafeteria or hyperlipidic diet) or to the degree of body weight increase. Moreover, it is worth noting that the decrease observed for adiponutrin expression with fasting in our 6-month-old control animals (56%) is not as marked as that previously described for 3-month-old rats (85%), 10 thus indicating an impairment in the nutritional response not only with obesity but also with age. In spite of its close homology to adiponutrin, ATGL has an opposite nutritional regulation, as in young animals it is strongly stimulated by fasting in accordance with its lipolytic role. 7, 18, 19 However, we only detect a stimulatory effect of fasting in ATGL expression in the MWAT of control animals Adiponutrin and ATGL in diet-induced obesity P Oliver et al which, as commented before, is particularly sensitive to nutritional regulation. 42, 43 This increased expression with fasting (at messenger and protein levels) in the MWAT disappears in the cafeteria-fed animals. The general lack of response to fasting observed is probably due to the age of the animals (6 months), as we have previously reported that ATGL mRNA levels increase with fasting in the different white adipose tissue depots up to the age of 5 months, while this upregulation disappears at the age of 7 months. 19 Our results show that in 6-month-old animals ATGL expression is still sensitive to fasting regulation but only in the MWAT. Therefore, ATGL would be more sensitive to age than to adiponutrin; in 6-month-old control animals there is a response (although impaired) of adiponutrin mRNA levels to feeding conditions while ATGL nutritional regulation is lost in most of the tissues. Age is then affecting adiponutrin and ATGL regulation in response to feeding conditions. Moreover, we describe an effect of age in basal adiponutrin expression in control animals. Adiponutrin mRNA levels are importantly decreased in the two internal white adipose tissue depots studied (MWAT and RWAT). Taking into account the stimulatory effect of insulin on adiponutrin expression, 2, [8] [9] [10] the lower basal expression of adiponutrin with age in the internal depots could be related to a lower stimulatory effect of insulin. As evidenced by the HOMA index, there is lower insulin sensitivity in the 6-month-old rats compared with the 3-month-old ones which could be more evident in these internal depots. However, even with this decreased expression with age, adiponutrin protein continues responding to feeding conditions, confirming it as an acute nutritional sensor. 10 To our knowledge, this is the first time in which an effect of age on the expression of adiponutrin is described. Considering the putative lipogenic role of the protein in adipose tissue, the important decrease in adiponutrin mRNA levels observed in the internal white depots with age and the decrease in the subcutaneous adipose depot of the cafeteriaobese animals could be considered a compensatory mechanism to maintain lipid stores and thus body weight due to the metabolic deregulations associated with aging or to the intake of a high-fat diet. When considering ATGL, age does not affect its basal expression levels in any of the studied depots. In summary, we report that the expression and nutritional regulation of adiponutrin (at messenger level) and ATGL (at messenger and protein levels) are altered by the intake of a cafeteria diet. This impairment could be due to an effect of the diet; however, as similar results have been described in genetic models of obesity, an effect of obesity per se is suggested. Moreover, we describe an effect of age on nutritional regulation of both proteins and on adiponutrin basal expression levels.
We can conclude that both age and the obese state due to the intake of a cafeteria diet are affecting expression and nutritional regulation of adiponutrin and ATGL, and this could be related to the increase in body weight that occurs with aging or when consuming a hypercaloric diet.
These results support a role of both proteins in the regulation of the energy balance and related body weight control.
